In NW Iran, the bluish grey pencil shale intercalated with thin detritic limestone and siltstone was deposited on the grey limestone of Paleocene. Based on the X-ray diffraction results, the shale forming minerals are composed of calcite, quartz, feldspar, dolomite, muscovite, hematite and clay minerals including chlorite, illite, montmorionite, kaolinite and palygorskite. The comparison of major and trace element content of the shale with the typical samples indicates abundance in CaO, Sr, and Cs and scarcity in SiO 2 , Al 2 O 3 , and Ba. The values of weathering indices imply moderate weathering in the source area and deposition of sediments in an area with relatively high uplift. According to the major and trace elements ratios, provenance of the shale was probably felsic and/or intermediate igneous rock. The elemental ratios and geochemical parameters values such as Ti/Zr = 38, Th/Sc = 0.55, La/Sc = 1.9, La/Th = 3.4, ΣREE = 117.34, Eu/Eu* = 0.76, and (La/Yb) N = 8.3 suggest a immature continental arc setting for the studied shale. The inferred tectonic setting for the studied shale is in agreement with the tectonic evolutionary history of NW Iran during the Upper Cretaceous-Upper Paleocene. The detailed observation of facies distribution in the NW Iran during Cretaceous-Paleocene shows that the studied shale could be supplied from the volcanic-sedimentary succession of Upper-Cretaceous in a basin related to the Neo-Tethys II subduction.
used to determine provenance, evaluate paleoclimates and tectonic activity, and study the evolution of the crust, e.g. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The study of mudrocks is important for understanding a large portion of the earth's sedimentary rocks, because they are 65 percent of all sedimentary rocks [14] . Mudrocks clay mineralogy has been the mineralogical procedure most often applied to reconstruct provenance. For example, illite is the predominant component of marine shales more so than in nonmarine shales [15] . Due to the fine-grained nature and impermeability, mudrocks retain most of the mineral constituents of the source rocks [16] [17] [18] . Thus, the bulk geochemistry of mudrocks preserves the near-original signatures of the provenance and more accurately reflects weathering and diagenetic history. The ratios of immobile trace elements, such as Cr/Th, Th/Sc, Th/Co, La/Sc, and La/Co, are reliable indicators of provenance [19] . For example, Th/Sc ratio and Zr/Sc ratio increase going from mafic to felsic source areas, but passive margin muds show anomalous Zr related to recycling of older sediments [5] .
The present paper describes the mineralogy and major and trace element geochemistry of Upper Paleocene pencil shales from Goouydaraq-Goouradaraq (GG), NW Iran and discusses inferred source rocks, paleoweathering pattern and paleotectonics. The study also compares the major element contents of the GG shales with their counterparts in other regions of the world. This is the first study which presents mineralogical and major and trace element data for the GG shales.
Geology
During the Upper Cretaceous, there were two different sedimentary basins in the NW Iran including Ahar, Kaleybar, and Heris area: the first is characterized by thick detrital sediments (Ayatakhlet basin) and the second is described by dominantly calcareous sediments associated with expanded volcanic activity (Qaradagh-Sheyvardagh basin) [20] . The best Outcrop of the Ayatakhlet basin sediments is located in the south of Goouradaraq village. The studied area is a part of the Ayatakhlet basin and composed of bluish grey shale intercalated with thin detritic limestone and siltstone.
The study area (near to Goouydaraq and Goouradaraq villages) is situated in the Alborz-Azarbaijan zone ( Figure 1 ) [21] [22] , according to the zonation of Iranian crust and placed on the 1/100,000 geological map of Khoja ( Figure 2) . Contact of the GG shale is to the south Miocene red conglomerate and breccia, to the east Eocene pyroclastic and intermediate volcanic rocks, to the west Paleocene dark grey and bluish grey biomicrosparite limestones, and to the north Plio-Quaternary unconsolidated conglomerate associated with interbedded marl (Figure 3(a) ). The GG shales are bluish and green grey in colour and have pencil structure (Figure 3(b) ). They belong to Upper Paleocene based on the existing fossils [23] . The GG shales are associated with interbedded thin limestone and siltstone which all are cut by micro-dioritic dykes. There is bioturbation traces on the surface of some siltstone layers (Figure 3(c) ).
Materials and Methods
More than thirty-five samples were collected from the GG shale, siltstone, and limestone. Figure 1 . Location of the studied area in the important Iranian structural-magmatic zones (simplified from the tectonic map of Middle East [21] ).
The mineralogy and petrography were investigated by polarized-light microscopy of thin sections. Ten whole rock powder sample of appropriate shales as random and oriented mounts were analyzed by X-ray powder diffraction (XRD) at the Geological Survey of NW Iran, Tabriz Center. XRD analyses were carried out by a Siemens D-5000 instrument with Cu-Ka radiation. The samples were saturated with K and Mg and solvated by ethylene-glycol and heated to 550˚C to distinguish the expandable mineral phases. The analytical results are presented in Table 1. For major element analysis, whole-rock powders of ten samples were fused with Li 2 B 4 O 7 and analyzed on fused discs by X-ray fluorescence spectrometer (XRF) at the Kansaran Binaloud Company lab (Iran). The analytical results are presented in Table 2 .
Trace elements, including rare-earth elements (REE), were determined by inductively Table 3 .
Results

Optical Microscopy Determinations
The shale samples are characterized by very fine-grained texture and mainly composed 
XRD Investigations
Whole rock and clay fraction mineral analyses of the GG shale samples are listed in Table 1. All samples consist of calcite (42% -66%), quartz (16% -23%), clay minerals (6% -20%), feldspar (2% -7%), muscuvite, dolomite, hematite and opal. Clay minerals are composed of chlorite, illite, montnorilonite, kaolinite, and palygorskite. A representative XRD pattern of air-dried Mg-and K-saturated, glycol-treated and heated samples are shown in Figure 5 . Montmorillonite is easily identified by comparing diffraction patterns of air-dried and ethylene glycol-solvated preparations. Montmorillonite is characterized by (001) peak at about 9.9 Å. this peak is weak after glycol treatment.
Chlorite has a basal series of diffraction peaks based on a first-order reflection of 14.3
Å. Also helpful identification of chlorite is provided by peaks at 6.2 and 25.1˚ 2θ. Kaolinite has reflections based on a 7.1 Å structure which that is disappeared at heated 550˚C [26] . The XRD pattern shows the (001) peak at about 9.9 Å for illite and (001) peak at about 10.8 Å for palygorskite.
Geochemical Properties
Major and Trace Elements
Major and trace elements concentrations of the studied samples are listed in Table 2 and Table 3 . Geochemical classification of the study samples by diagram of Herron A linear regression and correlation analysis was performed to reveal any communality of minerals and elements by Excel and Minpet 2.02 softwares (Table 4 and Table 5 ).
Some correlation plots for major and trace elements are shown in 
Rare Earth Elements
REE concentrations of five samples of the studied shales are shown in Table 3 . A chondrite-normalized [25] , REE diagram for the studied shale was compared with
Chondrite-normalized REE patterns of PAAS, AS, and NASC (Figure 8(b) ). The mean total REE content of the GG shale in comparison to the PAAS, NASC, and AS is lower (ΣREE = 117.34 ppm). However, the Chondrite-normalized REE patterns show no major difference among all the shales (Figure 8 [28] and [29] , and for chondrite are from [25] .
Source Rocks and Tectonic Setting
A discriminant function diagram has been proposed by [3] to distinguish between sediments whose provenance is primarily mafic, intermediate or felsic igneous and quartzose sedimentary. The discriminant functions are based upon the ratios of TiO 2 , Na, K, Ca and Mg concentrations are enriched/depleted by weathering, transportation from the source rock to the depositional site and diagenesis, whereas Ti, Al, Zr remain unaffected because of low solubility of their oxides and hydroxides in low temperature aqueous solutions [30] [31] [32] . [33] . It is found from this plot (Figure 9 (Table 6 ). Also the ternary diagram of Th-Sc-Zr/10 [1] show that all the GG shales are plotted within the continental island arc field (Figure 10(a) ). 
Paleoweathering Conditions in the Provenance
There are various parameters for determining source rock weathering. The Chemical Values are expressed as molar proportions and CaO* represents CaO present in silicate minerals only. The CaO* concentration was calculated based on [38] . CIA values for the samples vary from 68 to 72 (Table 2) which that suggests moderate weathering in the source area. Eu/Eu* 1.04 ± 0. 
Discussion
Major, trace and rare earth element concentrations for the GG shale are analyzed and and Jahangiri [53] proposed that the AAMB is related to the Khoy-Zanjan oceanic subduction beneath the Alborz-Azarbaijan plate and not to the Neo-Tethyan subduction beneath the Iranian plate. The studied sedimentary basin is located in the AAMB.
The present geochemical data show a continental arc setting for the studied sediments that is consistent with the above findings about the AAMB. Overall, the AAMB is thought to be an immature continent arc in Upper Cretaceous-Paleocene and has formed by the Neo-Tethys II or back-arc subduction.
Conclusion
Geological studies show that the Neo-Tethys II subduction under the Central and NW Iran has been active during the Upper Cretaceous to Late Miocene [54] . Therefore the 
